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Results are reported based on a study of 3114 = p
events at 205 GaV/c in the NAL 30" bubble chamber.
The measured w—p total and elastic cross sections
are 24.0+0.5 and 3.0£0.3 mb respectively. The
elastic differential cross section has a slope
of 9.0%0.7 GeV ? for 0.03 s~ t = 0.6 Gev>. The
average charged particle multiplicity for the
inelastic events is 8.02x0.12.

This paper presents measurements of the totai cross section,
clastic cross section, and charged particle multiplicity distrib-
ution for 205 GeV/c © p interactions in the NAL 30" hydrogen
bubble chamber. Both the total and elastic c¢ross sections are

found to be consistent with those observed in the 40-60 GeV/c
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range. s ?  The nmultiplicity distribution is similar to that ob-
sorvad in 205 GeV/c pp interactions,? but the average 7 p multi-
plicity is somewhat higher.

Doam.  An unseparated 2005 GaeV/c negative particle beam was producad
hy targeting 303 GeV/c protons from the HAL synchrotron and was
transported 1.0 km to the bubble chamber. The beam at the hubble
chamber had a momentum spread of *0.1% and angular divergence of
+0.25% mrad, a muon contamination of 2.220.3% determined by an
absorption measurement, and X and D propeortions of 1.4+#0.2% and
0.16x0.1%, respectively, obtained from cdifferential gas Cerenkov

counter measurements.

Scanning and Measurement. The film was scanned in three views

with approximately lifesize projection. The accepted events were
restricted to a fiducial volume of length 39.3x0.2 cm in the beam
direction with an entrance plane 12 cm downstream of the bubble
chamber window. A total of 7,700 photographs in which more than
15 tracks crossed the fiducial wvolume entrance were not used in
this analysis. In the remaining 14,285 frames the recorded infor-
matlion included: the number of beam tracks (tracks having a

<. 2.0 wmrad from nominal) ontering the fiducial volume;

-

divergenco
tlio numbar of vrongs and distance from the primary vertex for all
scoondary interactions; vees from neutral particle decays or gamma
convorsions and their distances from the primary interaction: and
Tpe decays.  The film was scanned in this manner once by physicists
and independently a second time by profcessional scanners. Discrep-~

-

angios were resolved on a scan table providing 3.5xlifesize images.
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bvents were measured on [ilm plane digitizers and processcd
by Lihve standard reconstruction and f£fitting programs TVEP and SQUAL.

Hiasoic and Tokal Cross Soctions. In the determination of the

incident plon flux, the following potontial sources of systematic
crros were considered: (1) beanm track scanning cfficiency
(99.520.5%); (2) muon contamination at the bubble chamber

{2.2+0.3%); (3) K and p contamination, leading to a negligible

0ss scction correction (0.0+0.2%); (4) contamination from

=
®
rr

H
H

forward secondaries of upstream interactions {0.0%x0.6%2);: (5) eclec-
tron contamination { <0.5%). The total pion beam path length after
all corrections, was {3.56:0.04) X 106 cm.

From measurement of ranges of muons fron w+ decays at rest,
the hydrogen density was determined to be 0.0627%0.0005 gm/cm?.

The scanning efficiency for events having four or more prongs
was 09.9% after the double scan. The scanning cfficiency for two-
prong events, except for those with recoil protons less than 2 om
long, vas 99.5%.

tlastic events, which constitute about 2/3 of the two-prong
sample, were identificed by kinematic fitting. 2 study of trans-—
varse mnomentum balance iadicated that the svecessiul Ffits con-
Lained a 5% contamination from inelasbtic events for which a
corcvection” was made in determining cross secitions. The elastic

dilferential cross sccetion is shown in Fig. la.  'The slope para-

mecer b, determined from fitting do/dt to the form Aebt for
0.03 v - t < 6.6 GaV~, is $.0:0.7 GeV 2, After a 12% correction®

to Lhe Lvo-prong sampla to take account of systematic scanning
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loss at low + for both clastic and two-prong ineclastic events,

wor find total and elastic cross sections of 24.040.5 and 3.0+0.3
mbh. It should bo notad from Fig. la that the elastic differentiol
Gross section, extrapolated to t = 0 with constant slops b, is
consistent with the optical point calculated from our measurad
total cross scction.

Figures 1lb and lc show the momentum dependence of the total
and elastic 7 p cross sections. The cross sections are the same,
within the errors, at Serpukhov cnergies {(40-60 GeV/c) and 205
GaV/c.

Charged-Particle Multiplicity. The first two columns of Table I

give the raw charged-particle multiplicity data found in the scan-—
ning process. To obtain an unbiased multiplicity distribution,
theze data were corrected for the following effects.

(i) Secondary interactions may occur close to the primary

verbex and hence be unresolved from the primary interaction. fThis
effcct i1s the primary cause of the odd-prong populations for the
raw daca given in Table TI. (The other source is events with
unscon protons.  We expected five such diffractive events and
fournd three not countinryg one-prongs.) To correct for the remaining
odu~prong events a comparison was made between the scanned prong
distribution from secendary interactions less than 40 mm from the
primary interaction and that from secondaries beyond 40 mm where
Few are nissed.  This resulted in the assignment of a primary
multiplicity of Ffive less than the scanned nuaboer of prongs for
odd-prong events. This comparison also indicated that a greater

nunbhor of close secondaries were missced than accountaed for by
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odd-prong events, and that these sccondaries were two-prong ovents
vith a siow proton which was also missed. Hence, no correction
for Lhese is regquired

{1i) Llectron pairs and vee decays close to the primary

vertex can also contribute to the observed prong multiplicitics.
Agaln the number of these was determined from a study of Lhe dis-
tribution of scanned pairs and vees as a function of associated
event multiplicity and as a function of distance between the
primary interaction and the scanned pair or vee.

(1ii) DPalitz decays, which are included in the prong counts

of the raw multiplicity data, were statistically removed on the
basis of our observations of resolved electron pairs.

The third and fourth columns of Table I give the corrected
multiplicity distributions, errors, and corresponding cross
secticons.

Some mowents of the multiplicity distribution are defined and
are given in Table II foxr this experiment and for 205 GeV/c pp.® The

mements for v p and pp interactions are similar, however <n. > and

<n _, (n _,-1}> for ﬂ—p are greater than the corresponding pp values

ch ' ch

at 205 GeV/c¢ and also at lower energies.® For the same O (center-—
of-mass cnergy minus incident particle masses) this difference is
smaller but still nonzevo. For % p both at Serpukhov energies'? and
at 205 GeV/c, <nch>/D is nearly two.  The data expressed in any-
one of the usual variables <nch>, <n“ch> (number of negatives),

<“ch_l>/2 and <nch—2>/2 do not fit a Poisson distribution.
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i w1 %p background by dropping 2u's from 4-prong evenkts and sub-

jucting these pseudo 2-prong events to the same analysis used for
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Taple I. Topological Cross Sections in 205 GeV/c Wup
Interactions
Number LEvents Corrected Cross Section
of Prongs Found Numbera (kb
+3 +0.022
0 1 1_0.5 .007_0-004
1 0
2 Total 562 639:x28 4.79+0.22
Elastic 403+37 3.0320.3
Inelastic 236£41 1.76+ .30
3 0
4 443 46023 3.45+0,18
5 2
6 486 506+£24 3.79+0.18
7 3
8 530 540+25 4.05+0.19
9 2
10 449 454+23 3.41+0.18
J1 8
12 293 2091+19 2.18+0.14
13 3
L4 175 173x15 1.30+0.11
15 4
16 76 69+10 0.52+0.07
17 5
18 42 42+ 8 0.31+0.06
19 4
20 15 13+ 5 0.10x0.04
21 0
22 7 5+ 3 0.04+0.02
23 2
24 2 2+ 2 0.015+0.015
Total 3114 3195+£57 23.96=x0.51

Pl B ' . . .
Total error is the statistical error combined with the
2rrorx on the corrections.

bThe cross section errors also include errors due to the

determination of the total pion path length and the
hydrogen density.
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fable IT. Some Moments of the Multiplicity

Distribution. fy = <n(n-1)>-<n>?, D =/ <n’> <n>°<

Parameters 205 GeV/c T p 205 GeV/c ppt

<n> 8.02+0.17 7.68% .11
<n({n-1)> 71.6 1.8 66.6 +1.4

£y 7.2440.61 7.6640.49

nz 2.05%0.05 1.96+ .05
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FIGURE CAPTIONS

Figure 1 (a) 7 p differential elastic scattering cross section at

205 GeV/c. The curve shown is a fit of do/dt to the form Aebt

for
0.03 < - t < 0.6 GeV?. There are no data below 0.01 GeV? because
of unseen protons. For 0.0l < - t < 0.03 GeV? the dashed point is

the observed nunber of events and the solid point is corrected for

loss of steeply dipping protons using the observed distribution of

) -
the proton azimuth around the beam direction. (b) 7 p total cross
section o, . as a function of beam momentum. (c) T p elastic
scattering cross section o 1 as a function of beam momentum. For
e

{b) and (c) the data are from reference 6 (x}, reference 1 (+),

reference 7 (0), reference 2 (A}, and this experiment (m).
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